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BIOaR/vPRIOAL SKETCH 



Tlio author wa« bom Ik. St«v«no Point i i^l«con»in on 
June 5» 1921. He attended elenentery echool In Berlin, 
«fl*eonflln; entered Berlin Hl^h School and graduated fro» 
there In June, 1938. For a year, he worked at the Quality 
Sausage Cospany, Berlin, ’^leconeln as a sent eutter and 
elerk. . i^e entered Central State Teachers College, BtereRS 
Point, Wisconsin, In Septenber, 1939; and reeeived a 
Baebolor of Belenee degree, with najorn in Ohenistry and 
Mathenatiee and ninor in Physios, in Hay, 1943* 

fie went on aetlvo duty in the U.S. Karal Reserve 
Hay 31* 1943; reported to the U.S. Haval Reserve Hid- 
shlpaen's School, Notre Dane Unlrerslty, South Bend, 
Indiana, v^ere he eonpleted the course of instruotion and 
was eowBlstloned ao JiiaBign Septeaber 22, 1943. Innedlately 
he reported to tb© Sub-Chaeer Training Center, HIceI, 
Florida, to attend a course in ant l^cubisarlne warfare. 

Upon eonpletlon, he reported to the USB Harold C. Thonae 
(BE 21) in the PaelflG area. 

On July 1, 1945, he reported to the postgraduate 
sebool, U.S. Naval Acedeny, Annapolis, Maryland, for a 
course of instruction in Ordnance Engineerlw;: (Explosives). 
He was selected as one in a eroup of fifteen to attend 
Cornell UnlTerelty for the ootrpletion of the course. 
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inTJiODUCTIOK 

Th» interest and iwork on RU«.nldlnt and It* derlva- 
tlvifi In th« past d^e^da has h««n ptraatly atlEula.tad by 
thalr Incranacd ua*a. Of %s.ny of lt» derlyatlyaa, nltro- 
''uanldlna ia of pacullar interact, both taohnleally and 
Of lantlf laally . The ccspound Ic an oxploaiYt and for 
this raaaon »any practical appllcatlona can ha found for 
it. -»lnte it «ay ba prepared froe dl€yandlR«lde, a 
darlyatlva of llna-nltroran (oalaluo cyaaaalda), the 
aatentlal raw »atarl‘il» for which arc nitrogen of th® air 
and livaitonc, the potential cupnly ic unllwitcd. It if 
Inportant colentif Ically , for fro» it arlnof;vianldln«, 
hydrasinc, hydronltrlc acid, and other product*, Bay be 
obtained froa itc reduction. Ac an exaaplc of the u«« of 
thaoc coBpoundB, awlnop-uanidinc Ic belnir dlaroticcd and 
hot-couplad with variouc Interccdlatec to fumlch a 
whole new ceriec of a?.o dyec which poceeco c^od dyeinr 
properties on an loal flbcre. 

Streokcr, in 1061, firct obtained ruanldine ac an 
oxidation product of ruanlne. •iince that tlEo, variouc 
Kcn have studied the propertieu and reactions of puanl- 
dlne and its derivatives. Sows of the metre recent work 
has been done by Davis, whoso work covered ruanldine, 
nltroruanldlno, K^anldlne nitrate, and the alkyl eub- 
stituted fuanidines. 
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aUAtilDUtB: 

Chjanldln# ii an iaide of urea or the ieidln* of 
carhaale acid* In its free stata, it oocura only in a 
fewr plants^ but its derivatives are irldely distributsd. 
It occupies a imloue position aron^. the orfanlc bases ^ 
for It .alone approKliratos the Rtronfj alialiee in basic 
strength* Calculations and sjencurecents have been wads 
by Havla snd ^Idcrflald (6) to show that guanidine is a 
strong base and electrolyte* To detcrfclns the ratio of 
strength of gTianidonluK hydroxide to thnt of aodlu® 
hydroxids, the following tests were used: 

(1) Observing the rate of change of the anr/,lo of 
rotation of a hyoacyanine eolutlon In the presence of 
the two bases* 

(2) Relative rates of Baroriifleatloti with ethyl 
acetate. 

( 3 ) Oeprsficlon of the freezing point of water.' 

The ratios of gunnldonlu* hydroxide to codluB hydroxide 
obtained were 0*7f> to 1, 0.85 to i, ond O.Rl to 1, 
r«8peotl^*»ly . hIbo the heat of noutrallRatlon of guani- 
dine, 1A.12 kllopmK calorie per graa aole, which is 
only clinbtly l<?ms than the eorietant value for ctrong 
bases. Chianidlns is a bnee of the order of atrength of 
potasBiuB hydroxide. 
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Introduction of a gln^le alkyl aubatitucnt la t?lth- 
out »ucb affoet on tb# basicity of th« parant eo»pound. 
i^hen two alkyl groups are Introduaad, tho subatanco bo- 
eoE«a lea* b»«ic. ?ho Introduction of rn nrou;'.»tio sub- 
atiluent aloo t«nde to lower tha basicity, t'ftvia and 
Slderfiold detorslnad the basicity of guanidine, of 
several of itw substituted alkyl derirativea, and of 
phenyl guanidine. The chfinge of pH of the base with the 
a»ount of hyarocblorlc acid added to it provicod a con- 
venient means for coRiparliv:;; the baaiclty of those eoa- 
pounda ( Hg • D . 

The pure salts of guanidine can be obtained readily, 
especially the carbonate whleh crystalll^-eo well, but the 
free bate le not easy to prepare, ^ne »«thod used to get 
the pure «o«pound fro© the salt in to mix an alcoholic 
solution of guanidine perchlorate and potaaalua hydroxide, 
reaove the Ineoluble potaeclxie perchlorate by filtration, 
and evaporate the roealnlng filtrate to dryness in a 
vncuuTs over phcarhoruo pentoxlds* The free base forms a 
colorless, caustic, and very hygroscopic waas of crystalo 
that «elt Indistinctly at CJ. and d^cosspoee at higher 
temperature in a polynerlsatlon reaction to for© s>ela- 
ffilne. It la stable In aquooue solution and le a Rcno- 
acid bate with basicity as previously described* It foras 
stable salts with »onk acids, no borie and silicic acids. 

The structure of the guanidine katlon or guanldonluK 
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Ion Khorrn by l-«>ch©r niul Oraf (17^ to boi 

‘/©Hand, and -a (9) have shown tbnt tbo oroton £;oec 
to the ield© nitro'^on bnt th« char*© shifts to the carbon 
ato-^. Th« rors 5 «r scerss th© ecost likely case , horever, 
d’jo to th© r»rop«rtlo0 of tho Ion. X-ray analys’ia show# 
that tha thro* nltro^on atoissi are By^rotrlcally olaoed 
around the carbon atoT at a dlctanco leas tb.p.n th*'t for a 
noreal nltroren-carbon double bond. 7 hlo Kiist bo becaiie* 
all thro© nltrofcn ntooa are tailin'" prrt In s renonanco. 
Slneo the double bond onn bo in nil three noaniblo ponl- 
tlone, thr«'? ntructiirec cay nartako In the reaonanco 
hybrid. Thoas tliroo atruotures ar*: 



•h zA/f/, 



u 'NHu 



7h« nroportlcs of f>uanidtne are therefore *.'ue not. to ono 



atructuro alone but to nil three structiiree in tho hybrid. 

3 or®rnl oyntboaio hnvo been dcvolop#d for th© pre- 
paration of gtup.nidino* A«on.s: the»« aroi 

(1) .Action of asnonla on oarbonvl oblorld© (ohORPieno) 

,CI A/H 

C -0 + SA/H^ —► HiA/~ H- + d,A/H^ei -h Hj^Q 

(2) .ction of msrzonia on ©thvl orthoonrbonrtto 

^/y 

(Cj,N^O)^C f /V^/V-C -/V/ 7 ^ ^ 

(3^ ‘ 3 <j{iii{ 3 tlcn of tetrnnitronethnno 

NH 

- C-NHj^ ^ 6Af^O 



CCa/ 0 ^)^ 







^VWVn . 

\A'/ 









MW 



J ' \Aj,H 



tVAAn -V 

' p-Vx,V\ 
MW 



VWK 

OjN^. \1i^V\V>.A + i'^^Vv 3 V••^^ — • tV\\A~o "V* *,-D 

'' d 

\\>A 

HO-A\ /-^*o -V 13 -’VA i>\ < tV\V\<: t ’> AC. VA D) 

^ -i- “ *6 - -r y( ) '3 
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(а) 'addition of ftHPonl*' to ejran«itlde 
A/iA/-C/V-f NH^ — H^N-C-NH^ 

(5^ ‘dditlon of awKOTilfi to chloropicrln 
CljC NO^ -h 3 /V//j > Hj.N - 6 - -h -f- SHQ! 

(б) Intprr^ctlon of c«rbontetivbroiriGe rith •’Icoholic 
aicsionia in a sealed tubs at 100^ C 

c/3#y i- > H^AZ-d-N/^^ t A/H^Qr + 3h 

( 7 ) Interaction of cyano:*cn Iodide t'ith alcoholic 
apigonia in a sealed tube at 100® C 

I-CA/ + /V/V^- c/Vf NH^l j /V/V^- Cd/ — 

(8) ileatin^ ansonii)® thiocyanate at 170®-190^ C for 
twenty hourr or until hydrerron -mlfide no Icny.er 

co^t>9 Off. The yield In tbie process is excellent. 

ZZH^A/CS ^ A/H^ t HA/CS ^ H^N-C'NH -i=;. /VM-C/Vf/y ^ 

/y//^ 

Nf^^NCS -t A/Hi,CN > H^A/-d-A/H^ HNCS 

Only a few of the ayntheeea are on coisnierciRl Importance; 
the othoro are merely laboratory Bethode. 

xho procevs involving the use of an:nonluK thiocyanate, 
ahleh is eventually eonvortod to c;uanidlne thiocyanate, 
was for many years the easieot and most comraon Bj^thod for 
tho preparation of p;uanldlne aelta. On direct nitration 
of the salt*, altronuanidine could be orenarod. However, 
the nltroruanidine prepared by this method contained 
tracea of aiilfur coanounda which attacked nltrooolluloae 
and affected the stability of aisokeloss powder. Thla is 
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on© of the reaeone why the wco of nltroriifinidine in 
esiolceieee noeder did not eo»e ihto earlier ueo. 

fho prooeee involvlrif3 the u*e of eyannrlcle proved 
to be wore practical beoense of the availability of oal- 
clua eyanafaido »c e raw aatf^rlal* CyamiTslde iteelf i» 
not a nuitftble raw »at«rinl becauee of the difficult lee 
in preoarnticn, purlf loation* and otorasre. It i« a 
colorleea crystallitie eubntance, laeltlng at C, end i» 
eolublo In ether, ?\lcohol. It polyoeriz’.ee 

ret.clly upon evaporation of an squeoue soluttoTi to pro- 
diiae & di»er, dicyannlamide ; on heating or long standing 
a trirsor, Eelasino, is forced. 



NH 

H^h/-CN ♦ H^N-C-NH~Q.N 






' 

N N 

dr/V-C 

^N' 



.sin!" ine h,ns extensive r.so in the plaatlco indnntr/. It 
polyaerl?.©2 ulth forEaldehyde arid ur©?. to for* a reiin 
ueed for adhoslves and noldlng powders. 

Tho ©arlior ssothod for ths coa^yeroi -%1 preo^ratlon 
cf ayanftjside was by treating potasBinra oy«nlde with a 
h«lo;i®n, usually ohlorlne or brosine, to for? 
halide, then tre»tin< with a •olutiori of ^onla in wj’tor 
or in other. 

KCN -h 
/«/V/V^ -f- X-CA' 



* A'A'y X A//y^- C/V 



VtV\ 



VA \A 

I n 



H\A 

V\D-V\W 



V\^ *'aM 



V\0'X -V- Xa <- ^ V*. j A 

V\0'^\W\ V X y\Ws ~ - ' ‘AO-X -V 
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If reaction in carried out In ether colutlon, the 
asKoniun! chlorldo precipitates and can ha ♦’lltered off. 
The ether is ev'^poratevi spontaneously, Isavtn?; the 
oyonanido an a nyrup which sjay b© eryotslll'»~d by stand- 
Inr evor aulfurlc noid in a daa locator. Cyanawido leay 
also be prepared by romavlng hydrogen sulfide frops thio- 
urea with laorourlc oxide or reruoving water fro« urea with 

thlonyl chloride . 

S 

C-MHy + ^ HijS * H^D 

+ SOCt^ * AtH,-CN -<■ 2.HCI 

The nroavetion of eyannslde (lA) froT cnlclus car- 
bide by nitrogen fir.ation ha» o.ade it isore readily avail- 
able for coas5®relal synthesio. «hon cnlclu's carbide 
containing a little calcius flourlde a« a catalyst is 
brought in contact with geseour nitrogen at a toRneratur© 
of about 1000® C, the following reset ion tak«o plnco: 

-f Cc^NCfH f C 'h 9 /, eoo Cc/o^^tes 

The calclura carbide is made fros3 ooko and liajoston© 
in a fuaotherod are furnace J 






^Ca.C^ -h 3CO^ 
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Tht cftrbld® ia than cniahad and ^r(xxnC to r. fina powdar. 
^11 dpeirj t ion® nr# ®Hrrl#d out in a nitroren ^t»OErb«re» 
for in contact with ssolst air, #oetyI#n® rould b« »*'ro- 
duc«-d and foils' s^n cxploalv© clxturo. Tbfs fin'''ly rround 
earbido li run into an oven ^rith a capacity of about 8000 
pound* and covored. ?he charfie la heated fres: thn center 
by R carbon re»liit2noi5 rod and the nitrof*cn, fros liquid 
air, la pasacd upward throurrh the charre. 81ncc tbs re- 
act Ion axotherifllo, heat inf; la n#cos»nry only durinr th# 
firot part of tbo run# 'Hie format ion of crudo enlciuss 
cyannKldo racf-' irec not rore than forty hours, fho oon- 
tanta of the ov«n forj^a n nolid blooh which i« lifted out 
and cooled. Tha arudo product contains about sixty per 
cent of ottloiua cyanaiRide, the rs’rnlnder bslnf- quick- 

carbon and n little unchanged enlciun enrbido. The 
block 1« pulverlfed nnd the carbide i» deccfspoee^ by 
wrter. The reaultlnr dark-colored fixture of cnlcius 
cyanafslde, line, and cartoon la known aa "liwo nitrogen” 
or ”kalk»t Icbatoff **, and is a very co^.on. fertiliser. 

Calclu*^ ©ya.nsir.ld 0 has non© of the poiconou'' action 
of prueslo acid and itc salts, althou''h it dilates th© 
blood voosols and thus vastly incre&res the offset of 
oubatanoes such ns alcohol or oaffelno on the aystcr# 
Oeaides the une of this cenpound in agriculture, it hac 
bocn used rb a source of uren {;nd certain cyanides. 
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To produce cyana'tiid^. 
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calcius is 

hydrolysed * 1th w'^ter. If ater "Ion* Is used, so^.o 
nolublo cyan'’'3lde is prod’:cod, nd cow c'^lcluc? hydro- 
-r-n cv'’'i5'''ldo '.Iro forred, Thi*^ la a ctcro- 



cryt'talllna rpfrlnyly soluble subut^^nc 



, c 



■ " It ion of 9i 



»11. ht ■ r'OMV.t o* scid 
srlt to 'X aoli’tlon of 
the inor.-rnl'" rolt. 
orj lie, or v>nr>'cnic. 



to the tin. tor conv' rtu the 
cytinotBic© vlth pr'-'cipit'^ 
‘h'lC' sc ids reu'^lly ubo<' • r- 
1: rbonic acid is b*st 



bydrolyslff re^^ction. 

'/ICa.NCN’*' ^Ht,0 ► Cu(OH)^i 

CcL(A//^-CA/)y^-t CO^'^ H^O > C(^C.O^ 't 



ctilclura 
• e of 
sulfuric 
for the 
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Tl.o Golutlon for.'ied 1< directly ar^jllcable in cer- 
tain rcactionc, ns for exarplo, the preprrntlcn of 
vnrlouc ruonidino salts. 0ns of ths B’ore recent ueec has 
boon for the propf’ration. of rumiidine ’^iiocphcite, which 
has poanlbilitlOD ac a fertilizer because of tho pro- 
ocnce of phonpboroun and nltrof.cn, both of T>.hlch are 
nocGSS''ry for plant e^rorth. (l?) fn hydrri.yei® of the 
solution »'itb asronii.iE nulfide, the hydror-n aurrid® of 
the *ol 3 cul 6 tabea n«rt In the reacticn to fort tnlo- 
urpa. fhlE reaction ist used to produce xany tons of 
thiourea for the r\*bber Industry. ren c^r: be orcp©.red 
frcT ta** solution by hydrolysis with rulfuric acid; In 
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It fpsy bo rrer^rscT <?lrectly <"ror c*lelvr 
arl'^» roln-* RV'lAirlc ocl<5 fv tbe hydrcl ''rir,'* r^-ent 
fllc^^lnc* 1*^6 re*"'t Icn to ro boynnr' tl* «' rvnn'®rl<«c» 

St '"^r* 

On r'V"”cr'*’*' Ion of oy^norit?* Roli-tlon, dloyon- 
fl'^rldo Ip forrod. TMs i‘i o convonlont ccnrcc of Ptnrt- 
In** rrtorl-1 ^cr t.h*^ prooorptlon of rnrni^ino nltr^’t®. 
Pic72.r'*iO’>"ldo oryr toll iroo -^rcr b?*in'^ poli’ble •’t 

sl>cut ono pj’rt in ono hundred ot 0^ r obcut A? porta 
In 100 of 0. (Fir. II) I’bo ‘Oro flrt noedls 8 

cr plptfs rhlch melt ot J?08® 0 anc' docon'ococ rfen honted 
P.hovo th't point- It is u«cd directly in the pr©- 

p»’rPtirn or various r^'^r.Ldin^ dcrivrtlv'es. Itc reaction 
to forr: thoee darimtlrofi dor>end« Kololy upon the hyd- 
rolye la th« cyan F;roxip, rhich dooa not roruir© the xiae 
of n ’'•I'^oroxiG hydrolyrlnr to forr fx’'»nidin»^. 



^ rl ,fw<» 

t#- 4 * %4 M«. . V^^ TV ^ IMV^Toc 

I TP^i v» VtiV^fXf JbC 

•«r* li 

-JN, •• %0T‘4C t #1 •fyt .^.-r • ^••|. 

.♦rt »-v* - -»4f ^ ..^ >. ^1 

f# ^r... I v«9*v ,1 »A «Ai 

mr»»9 r< f.-^, I 4^ -.1 ♦%-, 

-♦ nfT ^u .> ««9| ^ ^ 

Httmm fii-.» •««« •• ft* • iai ' ' #K» ••ijai 

“* tw» .f *V-r- .»«4« 

€*4. .*-»J ^UJL;#mwni a^vIvo %• 

4»v 4 f*«4- » i-it 

•#«f ^ larurYn «>^r% -H# 9tmw^ 

.***tMr -T% . ,.gr- %j §a*»*fi,.--v I 1- (I if I f V4> 



n 



ou-\MDiKL niTfC'.?:: 

nitmto 1b Interest ,ia im ♦•‘xolonive 
Gud n eonjnoncnt explosive r.ixtures '’t> 1 as nn inter- 
codir.to in th® r'^tion of nitrcr*u;\ni(Hne. -Ml other 

of •"oanidine require fitron*^ jsixed Reida to con- 
\'ort the- to nltrof^^unnidino, l:5ut the nitrate is con- 
verted by dlsnolvinr it in concentrated sulfuric acid 
and pourin'^ the solution into water, lunnidinc nitrate 
Ic a <vhltc qranular polid with a .'Toltlnq point of ?06^- 
C, it Id a ftt^hle, non-hyqrofioopic , end rinnhlecs 
' exoioslYc eo-rpound: it lo readily oolublr In alcohol nnd 
very readily soluble in w?ter and n:oy be recrjst-allired 
froa either solv'^nt. 

nmy yeer^ rusnldlne thiocyrnate th« x:ost 

e'lslly nrop'tr^d and the rw>«t coTTfronlv u*®'" rs - 
for tha nr'?*pr*rTtlon of nitro’nmnldir.e by direct nitra- 
tion rith !Fi>:ed adds, flnco, traces of sulfur corr- 
pc/undc afr<»rt Ms^obeleas oowdor, the nitrocru'^^'^idine wade 
^ros> the thiocyanate In not oxitirsly cctlr factory . duani- 
dln« tl*:ioc/?>nat» 1* also dcliquerccnt, difricult to puri- 
fv, fronerally unnl enfant to handle. erner 

sr;f doi , , in the Jc^jm&l Of The -'’oclety, report- 

ed th“t <! inyr.nd Isrldo heated with s.rrrrcnluY t'^’iocynnate 



vlveR .luanidlfie thiocyanate in a oractlc«l yield. This 



•^miSn l|> §4^ rvi 



#1 «iU#» *9vl0 ^i^/« #AIAI4 mi» *4i^ 

41 r4^J|j ^A# t»<4Miii>i^/tii #1 %i ^ fv2r 
4ftlii 4 |v 4>I#« ■il#|l4iMlwii Hi ii H liil^ 

•^K •* /<UM 4mtt*^ a>/lf WJe« ntl*i4 i'd 

M»MMM *■! S a .MiMO • «l •! ,r \h 

am ViMv> «A «t» »v *-« aio ^AoU^ 

•««iiMfimR* »• tw (U *”*<^»* 



i 

$ma ^4i — tii«»*^i«i ft»n i#mi uh 

■ 1^ M mHKfV # IH ‘If -«• I «•«■*!* 1^1 <Wi 



ij4»« «i fi«MU‘r?t> ^1> ti i 

^ . J ^ ^ 

•Jmm0m im»i^rn4f #«i •• • il4 Wma 

•CM»t«tlH* * 44 4^ 
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rotation t»a5:on pl'^co bf>fiauno the {♦rrraonivi'’ t.bioyy*in’’‘.to 
in ro- lly fisniblc. "hie fact sxu'^rootftl to twl*, (2) 

'inothtjr a ''son if}!: nltrnt«, vrhlch lo hI&o refi;’i3.y 
A«flblr, /<^o through the etime type of renotioru 

avia focn^ thut alnoat thooretioai ylold"i of itp^-nidin© 
nilratt? caa b-j prepared by ualnr tiiio reaction. This 
^•.olhou ' « asvMloprd and usoU for the prect* rctlon of 
{•ni 'mid Ine ni tr& t e • 

fh» nethod involvot hsatinf; dicy.'^nc i»''’'ldc and two 
rcol®c>4l‘xr equivaier.tB o'” ap^roniuir. nltrato. I avis, in hie 
first. Cixpari’senta , need a toot tifoo he'sted in pr. oil both 
f t 16C^ 0. ■■•ce ttans fij'st fused, tieltcd, t!xon becacie 

solid. Tile product alroct entirely puanldlne riitmto. 
•m oil b th or no- « equivalent (rothod of h®etir.’^ should 
be used, for If the :Xilxture of the two :-»olidn it4 not 
hc"t©l unlforrly, decorspoo It ion with prrnt i>volutlnn of 
rctecnin occurn. 

"^ho reaction place in t*vo fitoos. lu the first 

stop the c-'ronlut siitratc reacts with the cy:vn rroup of 

the uicyar.^l; aide to foi'c: bi?n:uanido n.itrnto, ' hioh is the 

colorlc. K liquid nha«c of thiO rcacticri. ‘‘I «o bcijut aide 

nltrat‘ tlum reacts with pc ronluc nitrate to p.lv.. eryatal- 

linn :.\}anidine nitr«te. -b.”o molecules oP aaror.lu's r.itrnto 

»-re required for every n^oleculo of cicyanc.l'\' ice. 

V// /v/y ^4^ 

H^N-C-MH<N f NH>^N0^ — » -Q-^H C-Af^^ HA/C^ 



, 'oV\Vv . - O - 6 



W 

Y.:t V'^^-2 



i HNo^ -f- 



NH 



1 ? 



^ 41//- (?-/V4^ *4//^ 



If nn e’^*0'*’''.5H of the dleyaudla*^l'^e la nro^cnt, Ih'*’ reaction 
doe.'i net r-c* tc oor^'let Ion, but loaves » atlc>f.' rlxturit of 
'bir\>''ni-h» nitrs-te -*’nd vnir-l’^lno nitrate. The n'-n?onln 
prc’jp of tre '‘'..i.roniun nit.rnto io the only ''ortien of the 
’?'olecu‘l(^ th-'»t t’tt'icfea cyan ,nroun, leavin'* nlt'^ic ncid. 

The int’^'^ir.o'lia to nror’UGt, bl-rjantde nitmie, Xv a stronr, 
d lucid hucey and the nnnoniun nitrate involved In its 
fcriration snoolioa only one equivalent of nitric add. 
iherc Is, therefore, a nolnt In the surly nr^rt of the re- 
action vhern the blyunnlde vonf“^ltr'’te terKle to ettnek 
the air;v.onluv nitrate liberating aTSTr-onlc. For thin reason 
the nroccr-a rives ti m-cb better yirld if tn cxcon^ of 
a'srroniuw nltrst*-' le ■uaed. 

v^Elth, l^bettu, unci ^teinbach (if^) cursreat the Rsai© 
rroeodiire for the nrer-arution of »t:u'\nl(iine nitrons uninr^ 

'^0 cent exceae oT^oniur nltmte, reoultin.^ in n d-h to 

\ 

OQ r»-r c«nt yield rvenidin^ nitr'^tn. ."^v:!y nl'jo "^ound 
th'jt 11 cli'ht i’rnrcve^ent in '*iold r.-^y T>c ef'>ctrd If half 
of the '‘r'^oniu'^ nitr’^te ia ^u«cd RC’vrot»*lv ' n-. then the 
of icy * 10 '.' ioH-ido end rcrainlri'- li ir nitrate 

le ^.d e slo'ly, e-^ch -’orticn belnr nllorw' to r-?oct be- 
fore s-ore if cd«!ed. I'-hrcvr nnc' Z^rirr (l*=) la '■ ■'.'irocecs 
■^or the •pxinufo «turo of cuanidinc nltr^^ta for \rt^ in ore- 



pnrrtlc/ri of Arlno-'imnidinc ruyfcet ’» f'ro'’tor exc<^ns of 






u 



>\\A VNV^ 

YvW . - 0 - Vv.^^ > yV^V\ t ^CjVA^ • ^vw- 5' VvNA- h - Vv 

5% ft|i9 ill ai iiyiiiai >it— m m^m% 

^f^jN HU p um^p%^tm •iMm 

i ^ ,tmmm ■! ii# 

%u ft i»ffivH m0 Mm lUmmf 

•%|0« 9UH^ ^ t l ||p ^pyi» > ^ alPeUaMlPSit 




•I ^ « «A •tf#v»Li »4Af an «•••«« 

99fm im I ^ Y*^ 9 

M 'll kp9tT ^1 f ««rtfl 

itfi i«ii^»^i t<mm^ M #l«^4ir #>»i w ar «AI It 

•^Ylila ^ftidii* ^ ■ ■i w ** ^ 4idMi#4l» f b 

,9mf Vk lirlf •! < ««yi i ^ l i < 4» 

f 

« f4 fiA * I liNyu ^ Yvii 

4 ; ^ mn 4l^il4 ^rnmm ti.4 M 






r ni^nto tb-'i. us»»d '•>y '•vie. found 

tl« l U.i;/ co< 2 i. not intcrrcre r. 1th m.rliyin;: th® 

prc'^'vcl \d incre'o*eo t::** ylcic 

crude »;ue>.nidine nitrate rny eithflr b® r©cry.^tal~ 
'ror w.#tt.r or thorortjbly drle-j la its cru'e otnt®* 
a®or*. I'i to (-^i), " ‘’rr.!! arox^nt of nr.r.onlun nltrat® 

pr«jent ifi fu® rilrture cIcck not iriterf**re '-IVo Iti* oon- 
veraiion to 'iitro''’UAnidinc; the presjfnce of ronotlon by*- 
rrcc.ucta aotfj inlerfero. ^abett.A, na -tolnbach 

ClT') ^ound Itr I tl* ^ueion ’product, ocntaina not srore than 
r to C i’ ccfit or ' bldinc nitrate; thi* r«i.ainA«r 



consifcte. of excofca annoniuE nitrate, uncoriv'crtea dicyan- 
lla.ri.io ad '^ j^orphoua ' *ate^’lnl. 

ifi tho iLuiufacture of explosives, purity 1& an im- 
portant fnrtor. •llaoo tho purity of nltroruanirina is 
dir:«ctj.y *®3tit upon th® puritx/ of the yur-xnlciino nl- 

trat- uo..^ l.n it:, pr-^p'-'r* ti^'n, It if n->o®?BHry h.'^vp a 
«othoc or tu'tf preparation cf r-ure fUAnifi-iv nltr t«. 

re&*'*’.c« o; uclotura In th* «'r,.'-ontur r.ltT’ai •• t®ua^ to 
hydro lyre the ticyrndlfn. Ido to for» «utnioln®, '.•'rlvun dl- 
oxl(. , t\,, it.'o Ax* '‘’huso pro luct& cona v IVn o*ao an- 

•ithi*r 1 C orn acr»elide •'nc acrwvaline. al«o Ir*® .unnlalne 
COnt-Ofi-: *: C vlth itli*' ir tO ^Ol’n> c**’!': r ifi" , ’^ 'ioh lu also 

forecu by polyc^t:rlz\lloi^ of dlcycncis.i.-*lww. -.htreforo, 



tho thro^ cos'.ocundp ; ®r/ellco, to:r{elir;o, fnd ••larijio are 
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*J! 3 on^ the po»»lMo by-producta found In the so-cnlled 
'V.a;orpboue ” as . 



cold w^it-er, it rocrystall l-os . fharofor®, In tbc pre- 
-‘arntlon of nltro'-uonldin® fro^' tbc crud« *unlon producti 
the "asjorphouo’* jratoriol reorystnlliseo '**ro'r the «<i5lfvirle 
ftoid ai th tho nitre- unnidlne. result in," pro- 

dust resesibles rlaso t?oo 1 Instend of the finely cryat&l- 
lln« fonr obtained vhon pure fruanidlno nitrate Ic used. 
The presenoo of theee Irpurltlen affects the chaaiesl 
pror<5rtio0 of nltro^uanidine. I'or oTasrle, they de- 
crease tho eaoo of reduction. 

’Jy Icachlnc; l-'r^e pusntltles of crude p-uanldlne 
nitrate vlth rater a purity of per cent enn be ob- 
tain'^. iplth, Jinbottc, Stelnbaoh (l^) eonjo'ired the 

flolubillty of pruanidlno '.litrate a!id the ’^arorpheun” mat- 
erial In v*nter, ethnnol, and methanol at various temp- 
eratures '^'ith follorinc rcaulta : 









-thsinol 

-thanol 

.^ethanol 

•iethanol 



- atcr 
^ater 



.90 

75 

20 

7^ 

20 

64 




90 

100 

7i- 



0.15 

1.20 

0.30 



6 ? 



0.10 
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'Therefor® it can bo Bo«n thr^ nt nho\it 00^ C could 

be for the loachin** with rood r<»«iultc. 

The yield of runnldlno nltrnt^ '^nd tjir* ' of 

'at^orphou c" ferred la a runcti''n of !>}«* tcr'^- 

oritur* ant! th® dv!rj»tion of the furir-. Ir^^lr ''nine! that 
th.e best result# could be obtained if ♦ c'-n<*r?ture wa» 
keot at ICO^ C and the du'»’atlon of tbe f-> sion about 
on*? hour. •nbott<'» one’ l^telnb-ich (if) '>ro/<»d that 

this "Was true hy conduct expert? ent^^ of 

ono and feto houn for the fusion, nt verlo’i'» te^’^emturea . 
^or one-hour fusion at c they p;ot about nn T” r?er 

cent yield of i^uenidine nltrnto with n>^out 0.^^ nrr cent 
'’asorohoua” n-ntcrlal. ('’irr. Ill), 

Cheaiic.illy oure ^uanldlne nitrate riy bt? obtained 
by uaiac' hot water, fillrhtly acidic v-lth nitric «cid, 
for the I'lret recryatnlliratlon. '’his product it tV 
iiaaolvsd in cold water end OTororntod to h’'!'^ Its orl- 
F.ir.r.l voluiie anc crystalliKod. X third r#cryr f»llls.ntlon 
froiS ®othftnol yieldo pure furnidlne nitrate. 

jucnldine nitro'^o In nractico'* r'"w ire‘*:<'rl 7 In the 
productloi of nltrocr\u?nldlne nnd otb.or rirtnldlne deriva- 
tives becr-uuo it 1 h eaoily prepnred ur.d e'>sl'''s- cor verted. 
It Ic aitto non-del Iqucpcen^ end catllv h'incifrd. 



^ Wt |W** •• *‘^O^yp(y 

%, ir»-— -4# «»»f% 44^jg\Hi\ fm H«ff 

- — - ^ t- ^4 I ^ «| 'jut* 

I ‘4 •- •-'»:./» f •» ; ^ 

it»f #*»i. f •'^■•^' -»i •* # "I 4k. fii«''*Y J»'-4 ♦nj 

I V %9 rmlimiL 4tM • ri 

#4»» ! t* r — "♦ ^.• f ^ i . > = - 1« * ^ I • 0m t ^ f - ^ 

'C l^llut •li^ij** -»f% «.« «Mr* 

ji 'H» M ’ ^•* ri ♦■W* -« >— - 

•|D»> •#,*» t«4pi» ,i>l< 4AtAi4 . « W l>lt »4f^ 

.••u .fl^i «|rir4»» 

- ,«-'o t ft bH/ 44 V'’f>^trp ^ ifv ¥1 

^4 *jf *«(.%«» ^ «!»•/ ♦ » » I f t « • ••■<1^ »r* ^»V' 

9^t > ' rt# t •• i j t ^ It»- 1 ^-../■^ 

f*tM 1 4 *'■1 #B B%j4Lf « • i • I • v*^ * 4a»* MM* 

.•»cTf4« •••T*‘i** ♦»^ • nIj>49 ■.» • • *■ M 

^i cl X»l*9r>-« «w i..xt> . 

~ «»ti i««r^ — >« «/l» »•• Ci ■ f f 

,t*a- . fiJ««v 4i ii — ^1— ■» 

t*t%r» rw4%«M •<«'<« 4*.: <«>• b«ijr ♦? 4* 
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MTROCl’AKIDIK^ 

in r.vcn'’'*'#e'(« nitro ^rota u^n- 

Idlne t,hiDc>f*'.n'^te ’nd fU'^nldlnc nltrste b? treat. Tont of 

e«Lcb *'lth ri^rlc ncic* In fiiwinr sulfvrlo -a 1^71 

JirciTi sfid 'io 'Tir (lo) conducted ©xpcrlrentfi on tb<9 rre- 

p''rrtlon of nit.ro':'^janidine fro® t^uanldlne nitrate. Th®jr 

conelu<!e'5 th*»t tbc net Ion of to ’>nr cent £ui f*irie 

ar'l- on tbo gelt for /'f honro be'*oro dllu-^ion r?lth water 

/rives tbe b*»st yields. Ihoeo tn*/05Jtirn1.nrE yn»r. of'.e 

ctJble contlretor of the acid r>«r rrpr cf svlt. It hna 

since bo®n found, thst If two cubic c«nt iTCters of the 

acid is ueen lo ovary '-rarr of the •'’It, the tl-'re cf the 

conversion can bo cut to 'Jbout ?0 minutes. 

i>ie rrocesB in the forrrtion of nlt’^O'^uanldi-ne. frow 

fTuanidlne nitrate by action of sulfuric ha« been 

called a dohydretion nrocesa; nctuolly It in n nitration 

proco3B. it haa boon shown by uavlo ano ■ild.r*rf laid (?) 

tlr^t tie ftold 1*4 the wtinnl'line nltruto salt ir n''t. *it- 

tAche*. to H nltroflr;rn nto"’ or nn ‘’tsino but I* %t- 

tnehoa to the ru«nidine «B 0 locule ns c, whole. -’be ‘d* i- 
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"dehvdratln’*” ."pont, seroly cauerg nitration of thr Rwlne 

c-rr>ur> to take olaco. 

/K<y 

HJ/-C-NH^-HNOj . H^N-C-NHNO^ +h^0 

In the conversion of f^\ionldine nltrnte, It oas boon 






r ' j 







w. 

0-Vvx\\ 




Ti me. J n Hou r^s ^ OF TOq hy 0 i on 



F'S- ZT 




( 



I 




found thnt hlr,h«r ylolda of the product ?vre obtrlnsd If 
tho nitration |X?rlod 1 b lear. than one hour, (l ^ ) ">v con- 

dition® nrceesary for thio are thAt tho puanicJln*' nitrate 
be finely <Tound and the trsioeraturc b'’ r’rulrtec . Vith, 
Gp.hottn, ' rr; 'teinbach (l6) nurroat that ti'.o reaction 
rlxuure be > ept nt 0® C or belo» . ‘’owevor, Ur^vtjc :»nd 
Carter (lo) found th<’t the te"!rer? tore could n'llc7?ad 
to riuo to 20^^ 1 without apo’irent chy.iiac i;, yielO . If a 
lonp.cr ti*^e on« htTur Ik used, tho Bulfuric nciu tends 

to hycroly^e the nitro^^uanidine. » nxiwurr yields are ob- 
tained when the nitration period in li'^ltod to on«^-hnlf 
to one hour, 1'^’) I'he oaxirauai yielu can be raised 

by usinf, more than the bare Miniisua of acic.. '’’his offers 
another advanla e in that liie control of the temror'r ture 
is »ad*' easier. 

i^itro^nianldlno exiots in tro distinct ‘'or.r.s. T'h^e 
alnha fom 1» produced s!ien r;uanldine nltrat-4 la dissolved 
In concentrated sulfuric acid and the colution io ^ourad 
into w ter. It crystall izeo fro« ^ntor I’l Icn'-, thin, 
flat, flexible, liiatroua noodle:’, 'shiich clos?l/ r"’U'r.ble 
Dhth'^llG ®ah.ydride. 'fhoco cryatalsi nr® hirl •-rid 
arid nro, tUsroforo, dirficuit to nulv^’rlr-'' . '’ho beta form, 
uith aopj'^ vnriablo *»-0’.*nta o'" n’rhn lo nrod\)ccd, hy tho 
nitration of tno aiixture of prun.nidino pulf^te ’nid Rfcron- 
iu'jfl Bulfs'e which reaulto fron tho hydrolyaia licyandl- 
aeido with sulfuric add. It crystalllRea froo water in 
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oo'no‘-*nt»’'' ^ '*i>rlc acid io n?od. ‘Inc* t’/e nit ro(ruani 
II ..I i# *0 ofchit iOxyC~>l^ in ncxlor'toiy concontr"-tp>d acid 
■ 'If. ’*’1), iK'" ro'^ctl'n ru^t *>«.»• rr^'^or dilluted if 

t»'^ r* cov'^y io to on ti j? facto rv. in t. o '>r/cc»59 of 
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««n«»rol, Vv' ?sl]:yl nltrorii '.niclinet- ^rc nolorl««8 
cr • F lin*» »oIl>t», fl'O^i'rfltely •olubl# in tlcc^ol, in- 
ro*’u*‘>l‘* or »clnbie In cold \>^t(sr{irorc 

in h-"'*), n .»! ln«*oIi-»blc or nllrbo'y aolnbl* io <ir^ hor« 

ir •'roo 4 >r* l«»8 '^ro elrll^ir tbo«c o i’^.ro'unnldlno. 
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Ion* Her' tile »or>: bi^l b'i'‘n clonic by "nvl? ''nd L-ic® (8) 
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